Abbreviation Key: BA = blood agar; BGN = brilliant greennovobiocin; CDFA = California Department of Food and Agriculture; DSE = delayed second enrichment; DPL = dried poultry litter; LI = lysineiron; MAC = MacConkey's agar; NPIP = National Poultry Improvement Plan; TET = tetrathionate; TSB = tripticase soy broth; TSI = triple sugar iron; XLT4 = xylose-lysine-tergitol 4. 
INTRODUCTION
Many producers capitalize on the ability of dairy (and beef) cattle to utilize feedstuffs that may otherwise be wasted, such as straw, vegetables, cotton ginning lint, and poultry litter. Composted poultry litter has been fed to cattle for over 40 yr (Pugh et al., 1994a) . In California, two poultry waste products are available as feeds. Dried poultry waste is derived from undiluted poultry excreta usually collected from cage layer flocks, and dried poultry litter (DPL) is a combination of excreta and litter (wood shavings or rice hulls) that is used to bed the floor of commercial poultry houses. These products are heat processed to generate a pathogen-free product (using proprietary methods) according to regulations established by the California Department of Food and Agriculture for agricultural waste products used as animal feeds (CDFA, 1996) . Pathogens that could possibly be transmitted through ingestion of DPL include Salmonella spp., Escherichia coli, and Campylobacter spp. On the basis of a recent study in Georgia (Fontenot, 1996) , the risk of infection to cattle is minimal. Eighty-six samples of poultry litter cultured before processing were negative for pathogenic bacteria, including Salmonella and E. coli. However, salmonellosis has been reported in cattle that were fed improperly processed (composted) broiler litter (Pugh et al., 1994a,b) . On-site contamination or adulterations of a dried poultry waste product may also occur. Most dairy ranches purchase DPL in bulk and store it in open piles or three-sided pole barns, where minimal barriers are present to prevent the introduction of pathogens by rodents, wild birds, or other sources. The objective of this study was to test processed poultry waste used as dairy cattle feed for Salmonella spp., E. coli 0157, and Campylobacter spp., both on arrival at the ranch and following a period of time that would allow the occurrence of on-ranch contamination. 
MATERIALS AND METHODS
Thirteen dairy ranches feeding DPL were identified in three counties in the San Joaquin Valley of California between November, 1996 and February, 1997. Samples were collected at two time periods; upon delivery of the DPL to the ranch and a second sample at some time before the load was completely consumed (2 to 4 wk after arrival). At each sampling, two samples were collected from the surface of the pile, one from the front half and one from the rear half of the pile. Similarly, two samples from the interior of the pile 45.7 cm below the surface were collected, one from the front and one from the back of the pile.
Dried poultry litter was collected according to the National Poultry Improvement Plan (NPIP) protocol for environmental sampling and cultured for Salmonella (NPIP, 1994) . The NPIP protocols for tissue and environmental testing are published standards for all regulatory testing of poultry flocks (Purchase et al., 1989) . The NPIP protocol suggests that at least 10 g of material be collected for each sample. In this study, we collected a minimum of 300 g of DPL into sealable plastic bags with clean, plastic palpation sleeves. Interior samples were collected through a 10.3-cm diameter polyvinyl chloride pipe 46.2 cm in length lined with a clean palpation sleeve.
The surface and interior temperatures were recorded using a digital probe thermometer. Dry matter content was determined using a muffle furnace. 2 Ten grams of the DPL sample was dried in the furnace for 3 h at 135 C and the percentage of dry matter was calculated as the difference in the pre-and postdrying weights × 100.
Statistical Analysis
Differences in temperature and dry matter means were compared between sampling periods using a Student's t test (P < 0.05).
Salmonella Culture
Salmonella cultures were performed according to NPIP protocol. Five grams of DPL was inoculated into tetrothionate (TET) enrichment broth at a 1:10 ratio (sample:broth) and incubated at 41 to 42 C for 24 h. Samples were then streaked onto selective plating media, brilliant green-novobiocin (BGN) and xylose-lysinetergitol 4 (XLT4) and incubated for 24 to 48 h at 37 C. The use of a delayed secondary enrichment (DSE) procedure was employed for all samples that were negative after the initial plating. For DSE, 0.25 mL of broth samples negative for growth at 24 h was transferred into 10 mL of fresh enrichment broth and incubated at 42 C for 5 to 7 d. Salmonella suspect colonies (three to five) were inoculated onto triple sugar iron (TSI) and lysine-iron (LI) media slants and incubated for 24 h at 37 C.
E. coli Culture
Approximately 5 g of DPL was inoculated into modified trypticase soy broth (TSB) containing bile salts (1. 5 g/L) and novobiocin (20 mg/L) in a 1:10 ratio and incubated for 12 to 18 h (overnight). An aliquot of the TSB broth culture was streaked onto Blood Agar (BA) and MacConkey's (MAC) agar and incubated at 37 C for 18 to 24 h. Suspect colonies (three to five) were subcultured from MAC onto TSI slants and fresh BA plates incubated for 12 to 18 h. An oxidase test was performed on suspect colonies from the BA plates. 
E. coli 0157 Identification
Colonies identified as E. coli were transferred to Sorbitol MacConkey plates and incubated for 18 to 24 h at 37 C. Sorbitol-negative colonies were screened for 0157 antigen using a commercial latex agglutination test, 3 according to the manufacturer's directions.
Campylobacter Culture
An aliquot of the TSB broth culture used for E. coli identification was streaked onto Campy-FDA media (Skirrow's formula with 4 ml/L amphotericin B and 5 mL/L novobiocin) and incubated under microaerophilic conditions for 24 to 72 h. Characteristic colonies were confirmed by Gram stain, oxidase, and catalase tests.
Positive Culture Controls
Positive controls were inoculated (one colony per 10 mL) with appropriate control organisms. The inoculated broths were incubated and plated following procedures outlined for each bacteria.
RESULTS
All 13 dairies used DPL as a cattle feed. The DPL was being fed to heifers on all ranches and to dry cows on two ranches at a rate of 2.2 to 11.0 kg per head per d. On 4 of 13 ranches, the DPL was located in a roof-covered, commodity barn and on 9 of 13 ranches the DPL was off-loaded onto a concrete slab or packed dirt surface and not covered. Three different commercial sources of DPL were represented in this study. No Salmonella or Campylobacter species were isolated and no E. coli 0157 were identified from the surface or the inside of the piles (Table 1) . Thirteen non-0157 E. coli were isolated from a total of 52 total samples. Eight of the 13 were isolated from DPL upon arrival and 5 after 2 to 4 wk on the ranch. Twenty-four samples were evaluated for the presence of other aerobic bacteria. In 22 of 24 samples, some Enterobacteriacea, nonglucose fermenting Gramnegative, and Gram-positive bacteria were identified by their appearance on BA or MAC agar, oxidase test, and Gram stain.
The mean surface temperature of the DPL piles was 23 C and the mean interior temperature was 50 C (Table  2 ). Temperatures ranged from 5.4 to 33.1 C on the surface and from 9 to 65.1 C in the interior of the piles. Dry matter content values were not significantly different (P < 0.05) between arrival and 2 to 4 wk on the ranch (Table 2) .
DISCUSSION
The results of this study demonstrate that although DPL is not a sterile product, it may not be a common source of Salmonella, Campylobacter, or E. coli 0157. The bacterial profile did not change significantly between arrival and later sampling dates on either the surface or interior of the DPL piles. On-ranch contamination of the DPL product by rodents, birds, and other sources was not detected as may have been anticipated on the surface of the piles. The internal temperatures exceeded 54.4 C (130 F) in the covered piles, which would have inhibited growth or killed Salmonella even if contamination had occurred on the ranch (Pugh et al., 1994b) . The interior temperatures within the open piles was 40.2 C (104.4 F) to 46.3 C (115.3 F). These temperatures were maintained for up to 4 wk of this study (Table 2) . Even lower temperatures (<130 F) can be an effective means of killing or controlling bacteria (Karvel et al., 1975) if maintained over time. Heat generated in stacked litter and ammonia production from the degradation of uric acid and urea have both been cited as bacteriocidal for pathogenic agents such as Salmonella in broiler litter compost (Alabama Cooperative Extension, 1987) .
Based on this study of 13 ranches (52 samples), commercially available, DPL can be used as a dairy cattle feed with minimal concern of contaminating the cattle or dairy ranch with E. coli 0157, Salmonella, or Campylobacter. Dried poultry litter is probably not a significant source of bacteria associated with foodborne disease in humans or clinical illness in cattle.
